Background: Dexamethasone improves the quality and duration of peripheral nerve block when used as an adjuvant to local anaesthetic. We evaluated the effect of adding dexamethasone to bupivacaine on the duration of postoperative analgesia in patients undergoing knee arthroscopy using ultrasound-guided adductor canal block. Methods: The study was a randomized, double-blinded trial. Sixty patients scheduled for arthroscopic anterior cruciate ligament reconstruction were randomly allocated into two groups to receive adductor canal block. The control group received 20 mL bupivacaine 0.5% + 2 mL normal saline, and the dexamethasone group received 20 mL bupivacaine 0.5% + 2 mL dexamethasone (8 mg). Measurements included onset and duration of sensory blockade, visual analog score, time to first analgesic requirement, analgesic consumption, satisfaction score and assessment of quadriceps strength. Results: Duration of sensory block was significantly longer in the dexamethasone group (17.42 AE 5.24 h) than the control group (12.52 AE 1.16 h), p < 0.001. The visual analog score was significantly lower (p < 0.05) in the dexamethasone group. Time to first analgesic requirement was significantly longer in the dexamethasone group (13.37 AE 3.68 h) compared with the control group (10.57 AE 0.93 h), p < 0.001. Ketorolac dose as a rescue analgesic was significantly higher in the control group (p < 0.001), whereas patients' satisfaction score was significantly higher in the dexamethasone group (p < 0.001). Conclusion: The addition of dexamethasone to bupivacaine in adductor canal block provides prolonged postoperative analgesia and less postoperative analgesic consumption than bupivacaine alone in anterior cruciate ligament arthroscopic surgery. Significance: Adding dexamethasone to bupivacaine in adductor canal block significantly increases the duration of sensory block, time to first analgesic requirement and patients' satisfaction score in anterior cruciate ligament arthroscopic surgery.
Introduction
Arthroscopic anterior cruciate ligament reconstructions (ACLR) are frequently performed as a day case procedure (Wulf et al., 2010) . However, they are associated with moderate to severe postoperative pain that may prevent same-day discharge. Different analgesic methods have been investigated, including systemic and intra-articular analgesics and neuroaxial and peripheral nerve blocks (Senthilkumaran et al., 2010) .
Femoral nerve block (FNB) has been shown to provide effective analgesia after ACL reconstruction in a number of randomized clinical trials (Mulroy et al., 2001) . However, concern has been raised about this block method as it reduces the strength of the quadriceps muscle, which may result in delayed mobilization and a risk of falling (Atkinson et al., 2008) . Adductor canal block (ACB) is another block of the femoral nerve below the thigh, so that the motor innervation of the quadriceps group has already left the nerve, which maintains much of the strength of the quadriceps during early ambulation and rehabilitation (Dong et al., 2016) . ACB of the saphenous and the obturator nerves was found to reduce both pain and opioid consumption after total knee arthroplasty (Jaeger et al., 2012) . Therefore, it has been suggested that ACB may be the best analgesic technique for postoperative pain in knee arthroscopy, especially ACL reconstruction (Espelund et al., 2014) .
Although the mechanism of action of dexamethasone as an adjuvant to local anaesthetics (LA) is still not completely understood, several mechanisms may be enrolled. Some researchers suggest a vasoconstriction effect at the local level, which results in a lower absorption of local anaesthetics (Shishido et al., 2002) . In addition, a systemic anti-inflammatory effect following vascular uptake of the drug (Albrecht et al., 2015) may also result from decreased nociceptive C-fibre activity via a direct effect on glucocorticoid receptors and inhibitory potassium channels (Shaqura et al., 2016) . We hypothesized that dexamethasone combined with LA for peripheral nerve block could prolong the duration of postoperative analgesia.
Aim of the work
The primary outcome of this study was to evaluate the effect of adding dexamethasone to bupivacaine on the duration of postoperative analgesia in patients undergoing arthroscopic ACLR using ultrasoundguided adductor canal block. The secondary outcome was to assess pain intensity, quadriceps strength, postoperative 24-h analgesic consumption and satisfaction score.
Methods

Study design
This was a prospective, double-blind and randomized clinical study. The study protocol was registered at Clinical trials.gov (ID: NCT03239314).
Ethical considerations
Written and informed consent was obtained from all patients after explanations of the study protocol and the block procedure. The risks/benefits and alternatives to adding dexamethasone to local anaesthesia was part of the discussion with the patient during the preoperative visit. The study was approved by our local hospital Institutional Review Board (Faculty of Medicine ethical committee Assiut University).
Inclusion criteria
Patients scheduled for arthroscopic ACLR, ASA Physical status I and II, and age group >18-50 years of either sex.
Exclusion criteria
Patients with the history of drug allergy, drug addiction or long-term opioid intake, diabetes mellitus, morbid obesity (BMI >35) and any contraindications to regional nerve block.
Randomization
The patients were divided randomly by a computergenerated program [Random Allocation Software (RAS)] into a control group and a dexamethasone group. Patient numbers were placed in sealed envelopes prior to the study initiation and opened prior to anaesthesia induction by an anaesthesiologist who prepared the local anaesthetic solution with equal volume and identified it with the patient number, according to the envelope drawn. The solution was handed to another anaesthesiologist who was responsible for ACB and remained blind along with the responsible investigator to the chosen group until the end of the study.
Study groups
Sixty patients receiving ACB were randomly allocated into two groups of equal size. In the control group, the patients received a single shot of 20 mL plain bupivacaine (0.5%) + 2 mL normal saline (0.9% saline), and in the dexamethasone group, the patients received 20 mL plain bupivacaine (0.5%) + 8 mg dexamethasone (2 mL). The total volume injected in both groups was 22 mL.
Adductor canal block and anaesthesia
In the operating room, patients were premedicated by IV midazolam 0.02 mg/kg and fentanyl 1 lg/kg, and basic monitoring in the form of electrocardiogram (ECG), noninvasive blood pressure and pulse oximeter was attached to the patients. A total volume of 500 mL normal saline solution was infused as a preload, and emergency drugs and precaution were prepared for toxicity and other complications. The block was performed at the midthigh level, approximately halfway between the superior anterior iliac spine and the patella. A high-frequency linear ultrasound transducer was placed in the transverse cross-sectional view to obtain the shortaxis view of the adductor canal and its contents. The femoral artery was identified underneath the sartorius muscle with the vein just underneath the artery (Manickam et al., 2009) . The saphenous nerve usually appears at this position lateral to the artery as a hyperechoic structure. The block needle was inserted in the plane in a lateral-to-medial orientation and advanced towards the femoral artery from the lateral side of the transducer, through the sartorius muscle, with the tip of the needle placed lateral to the artery (Messeha, 2016) . After careful aspiration, 22 mL of local anaesthetics was injected to spread lateral to the femoral artery and deep to the sartorius muscle, or more distal, below the knee, adjacent to the saphenous vein (Grevstad et al., 2016) . After 30 min, to allow for assessment of the block and exclusion of any signs of toxicity, all patients received a standard spinal anaesthesia with heavy bupivacaine 0.5% (15 mg) injected through a 25-G Whitacre needle at L3-L4 interspace.
Surgical technique
The arthroscopic ACL reconstruction technique was performed by the same senior orthopaedic surgeon. A standard arthroscopic examination was performed through anteromedial and anterolateral portals. An outside-in technique was used to create both the femoral and tibial tunnels. Care was taken to ensure that the femoral and tibial tunnels were created anatomically in every patient (Lubowitz, 2012) . The torn ACL was replaced by ipsilateral hamstring tendon autograft.
Postoperative analgesia
Systemic oral analgesics were provided as acetaminophen 3 g/day for 72 h postoperatively for all patients in both groups. Whenever the visual analog score (VAS) was <4, this indicated adequate analgesia which did not require rescue analgesic. Patients with a VAS of 4-6 received IV ketorolac 30 mg. Morphine 0.1 mg/kg IV was given as a rescue analgesia when the VAS was 7-10. A maximum of three doses of IV ketorolac and morphine were prescribed during the first 24 h following surgery, with a minimum of 8-h intervals between the two consecutive injections.
Data collection
The patients were hospitalized and discharged on the second postoperative day. Direct patient examination and assessment were the method of follow-up data collection. The onset of sensory blockade was defined as the time from injection until disappearance of sensation by the pinprick test, and duration of sensory block was defined as the duration from onset of the sensory block until the complete resolution of sensory block. An observer blinded to the chosen group checked for pinprick anaesthesia on the medial aspect of the lower leg using the blunt end of a 27G needle every 5 min for up to 30 min [onset of sensory block (min)] and every hour until resolution of sensory block [duration of sensory block (h)].
Degree of sensory blockade: Postoperative pain was assessed by VAS, where a score of 0 represents no pain and 10 is the worst pain imaginable. VAS was measured every 6 h postoperative for 24 h. Time of administration was recorded, and total dose of rescue analgesia in 24 h postoperative was calculated. Satisfaction score was measured on a linear numerical scale ranging from 0 = complete dissatisfaction to 10 = complete satisfaction.
Assessment of Quadriceps Strength: Preoperative and at 6, 12, 18 and 24 h postoperative, relative quadriceps strength was measured from 0 to 5 with a grade of 0 indicating a complete inability to contract the muscle, grade 1 indicating only a slight contraction, grade 2 indicating ability to move the quadriceps through its complete range of motion, but only on a horizontal plane and not against gravity, grade 3 indicating ability to hold the leg up off the table against gravity, but an inability to withstand any additional pressure, grade 4 indicating both ability to hold up the leg and withstand a moderate amount of pressure and grade 5 indicating normal, healthy range of motion (Lubowitz, 2012) .
Sample size calculation
A sample size calculation was performed based on a previous study (Sondekoppam and Ganapathy, 2014) , to detect 50% reduction in postoperative analgesic consumption with an a error of 0.05 and 90% power. We needed to include a total of 44 patients for both groups, but to compensate for dropouts and reduce random error; we recruited a total of 60 patients, with 30 patients in each group.
Statistical analysis
The data were tested for normality using the Anderson-Darling test and for homogeneity of variances prior to further statistical analysis. Categorical variables were described by number and per cent (N, %), whereas continuous variables were described by mean and standard deviation (mean AE SD). Chisquare and Fisher exact tests were used to compare between categorical variables and unpaired t-tests were used to compare between continuous variables. Pearson correlation coefficient was used to assess the association between continuous variables. A twotailed p < 0.05 was considered statistically significant. All statistical analyses were performed with the IBM SPSS version 20.
Results
Our study was carried out on 60 patients aged 18-50 years who underwent elective arthroscopic ACLR under spinal anaesthesia. Patients were randomly divided into two groups, a control group and dexamethasone group, as shown in consort flow chart (Fig. 1 ). There were no statistically significant differences (p > 0.05) between both groups with regard to age, weight, height, sex and the time of surgery as shown in Table 1 . Pain intensity: VAS was significantly lower (p < 0.05) in the dexamethasone group at 6, 12 and 18 h in comparison with the control group. The mean values of pain score were 1.9 AE 0.4 in the dexamethasone group and 2.2 AE 0.41 in control group at 6 h after surgery, 2.63 AE 0.76 and 3.4 AE 0.5 at 12 h and 2.93 AE 0.64 and 3.17 AE 0.38 at 18 h in the dexamethasone group and control group, respectively. Pain score at 24 h showed no statistically significant differences between the two groups with p value = 0.190 (Table 2, Fig. 2) .
In regard to the onset of sensory block, there was no statistically significant difference between both groups (p = 0.607), while the duration of sensory block was significantly longer in the dexamethasone group (17.42 AE 5.24 h) than the control group (12.52 AE 1.16 h), (p < 0.001) as shown in Table 3 .
The assessment of quadriceps femoris muscle strength, preoperatively and every 6 h postoperative, showed no affection of both groups (during active movement). Time to first analgesic requirement was significantly longer in the dexamethasone group (13.37 AE 3.68 h) in comparison with the control group (10.57 AE 0.93 h) with a p value <0.001 (Table 3) . Ketorolac dose as a rescue analgesic was significantly higher in the control group (50 AE 14.38 mg) than the dexamethasone group (33 AE 12.08 mg) with a p value <0.001 (Table 3) .
Patients' satisfaction score was significantly higher in the dexamethasone group (7.67 AE 1.03) than in the control group (6.77 AE 0.73) with p value <0.001 (Table 3) . There were no patients who required IV morphine as rescue analgesic in both groups during the study period (24 h postoperative).
Discussion
Our randomized controlled study compared the addition of dexamethasone versus normal saline (control group) to 20 mL of bupivacaine 0.5% for ACB in patients undergoing arthroscopic ACLR, under spinal anaesthesia. The results of our study revealed that the onset of sensory block showed no significant differences between both groups, while the duration of sensory block and the time to first analgesic requirement were significantly longer in dexamethasone group. VAS at 6, 12 and 18 h postoperative and the total dose of ketorolac as rescue analgesic was significantly lower in dexamethasone group. Data were expressed as mean AE SD and number. Dexamethasone has been proven to be an effective adjuvant for peripheral nerve blocks. Although the precise mechanism is unknown, dexamethasone is thought to function by altering the inflammatory response and may have a direct effect on nociceptive C-fibres (Chong et al., 2017) . When added to local anaesthetics, analgesia is prolonged either by inducing vasoconstriction and reducing the absorption of local anaesthetic or by increasing the activity of inhibitory potassium channels on nociceptive C-fibres, decreasing their activity and prolonging sensory and motor blockade (YaDeau et al., 2015) . Chisholm et al. (2017) concluded that the addition of dexamethasone (1 and 4 mg) to subsartorial saphenous nerve blocks significantly increased the duration of postoperative analgesia by 8-13 h following ACL reconstruction, which is longer than the time in this study. The difference is probably due to the fact that the majority of patients in the Chisholm study received IV dexamethasone 4-8 mg as an antiemetic which may affect the analgesic duration of the block. Albrecht et al. (2015) , in their meta-analysis, concluded that perineural dexamethasone was associated with longer duration of analgesia and can reduce postoperative morphine consumption and pain scores (Albrecht et al., 2015) . Holland and his colleagues also found that perineural dexamethasone increases the duration of interscalene block despite the dose and the administration route (Holland et al., 2018) .
Other studies, however, have not been consistent. Fredrickson Fanzca et al. (2013) , for example, showed that perineural dexamethasone had a minor effect on the quality and duration of bupivacaine sciatic and ankle blocks compared with systemic administration. Notably, our study did not include systemic dexamethasone as a control group. This possible confounding effect may result from the simultaneous spinal anaesthesia administered for surgery in our study and different nerve block types. Adductor canal blockage (ACB) is a block of the femoral nerve below the thigh (sensory block); whereas block of the sciatic nerve (Fredrickson Fanzca et al., 2013 ) is mainly motor. Further, Alarasan et al. (2016) also found no statistically significant differences in the onset of sensory and motor block when dexamethasone was used as an adjuvant to bupivacaine in supraclavicular brachial plexus block.
Both dexamethasone and bupivacaine act by two different mechanisms on the same nociceptor Cfibres which are encased in a single Schwann cell sheath, which leads to closing the transmission through the pain gate, thus resulting in pre-emptive analgesia (Kopacz et al., 2003) . Choi et al. (2014) demonstrated that administration of perineural dexamethasone increases the duration of LA during brachial plexus block, without side effects. Sakae et al. (2017) found that perineural dexamethasone was associated with a more prolonged duration of analgesia than intravenous as an adjuvant to brachial plexus block.
In this study, the assessment of Quadriceps femoris muscle strength as a score from 0 to 5 revealed no affection in both groups, as ACB is a pure sensory block for the saphenous nerve without affection of the motor supply of quadriceps femoris muscle. Unlike ACB, femoral nerve block is well known to affect quadriceps muscle strength, which may restrict early ambulation and postpone rehabilitation (Gwam et al., 2017) . This result is similar to the findings of Kwofie et al. (2013) and Rasouli and Viscusi (2017) ; however, a limitation of our study was not using a dynamometer for quadriceps assessment as other groups have.
Compared with femoral nerve block, Abdallah et al. (2016) concluded that ACB preserves quadriceps femoris muscle strength and provides noninferior analgesia for patients undergoing anterior cruciate ligament reconstruction. Also, Jaeger et al. (2013) found that ACB preserved quadriceps strength and ability to ambulate better than FNB. Finally, El Ahl (2015) revealed that the ACB can maintain a higher quadriceps power, but with lesser analgesia compared with the FNB.
In our study, the satisfactory score was significantly higher in the dexamethasone group than the control group. Most likely, increased time that block provided pain relief, lower pain scores at rest and movement and decreased drowsiness and confusion were all factors that resulted in the higher patient satisfaction, which is similar to the study by Chisholm et al. (2017) .
Conclusion
We concluded that ACB is a good postoperative analgesic choice for arthroscopic ACLR under spinal anaesthesia. However, adding dexamethasone to bupivacaine in ACB provided better prolonged postoperative analgesia and less analgesic consumption than bupivacaine alone.
Recommendations
We recommend further studies to determine the optimal dose of dexamethasone which can be added to bupivacaine in ACB and would be associated with the longest duration of analgesia. Future studies should also compare dexamethasone-injected perineural versus intravenous administration in ACB.
